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Optical fiber communications system with ada^ive data^Ualizer 



(54) 

(57) An optical fiber communications system is pro- 
■ vided with an adaptive data equalizer (101) to correct 
-for linear distortion of signals transmitted over optical' 
fibers (103). In particular, a feedback signal from a re- 
ceiver (104) is used to custom tailor the spectral profile 
of a launched pulse and thereby to minimize the distor- 
tion of the received pulse. Because the system uses 



' feedback control, it will adapt for changing conditions in 
ithSber-path'. Corweniently,; the adaptation process is 

' incurred during the training (sounding) session of a data 
frame when a train of pulses are sent through the net- 
work and looped back. After the training is completed, 
the loop-back path (106) is disconnected, and data 
transmission begins- with the transmitted pulses pre-dis- 
tortedtqadapt_to"the connected network.. 
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Description 
Field of the Invention 



features of the invention will appearmore fully upon con- 
sideration of the illustrative embodiments now to be de- 
. . scribed in detail in connection with the accompanying 
drawing 

S„ n i T^ reSer ! t inV6n ?" re,ateS , t0 ° ptiCa ' fiber • 5 ' I0006 } R 9- 1 is a thematic illustration of an optical 
commun.cationssystemsand^particular.toanoptical fiber communications system including an adaptive^ "data 
fiber communications system including an adaptive data ' ' - equalizer. ycu.dudpuveaaia 
equalizer. ■ -[0007] It is to be understood that this drawing is for 

, ... .. . r. ;' purposesof illustratingthecbnceptsofthe invention and 

- ?o i s no t to scale. : ". '■■'-" ; - •" ' 



Background of the Invention ■'-■• -- 

[0002] In optical fiber communications systems,' an"' 
optical fiber simultaneously carries many different com- 
munications channels. In the use of such a system, 
channels are frequently added or removed at'various 
points - typically called nodes - in the network. For ex- 
ample, channels are added for long distance transmis- 
sion and removed at their destination. Or if one or more 
paths are lost or overloaded, channels must be removed 
from the lost or overloaded path and added to" another. 
An optical communications system for performing these 
functions is described, for example, in US-A-5721796. 1 
[0003] A common problem in virtually all such optical 
fiber communications systems is that optical signals en- " 
counter a wide variety of different paths between receiv- • 
er.and transmitter, including different types of fiber and- ; 
components. Different circuit paths will be established 
lo cUf iii hicl a yiv/en i n 



Detailed Description 

[0008] Referring to the drawing, Fig. 1 is a schematic 
15 illustration of an optical communication system 100 pro- 
' vided with an adaptive equalizer 101. In essence, the 
system comprises a transmitter 1 02 of adaptively equal- 
ized pulses, atransmissionfiberi03and a re^ 
: ' A portion of the pulse stream leaving the transmitter is 
x>< tapped off fiber 103 by tap 105 as a reference signal, 
' ■' and a portion of the transmitted pulse stream at the re- 
fc ceiver istapped off, as by switchable tap 106 and looped 
; • back via circulators 120, 121 to the adaptive equalizer 
' • ' 101 . The equalizer, in response to the reference signal 
125 and the looped back signal, adjusts the phases of spec- 
'"*'■' " fral components of the transmitted pulses to reduce lin- 



~ Different types of fiber and components may be encoun- 
tered on each path. In the absence of compensation, a 

- 'signal will be" degraded due to chromatic dispersion..' 
This linear distortion mechanism becomes more severe 
as the bit rate is increased. Accordingly there is a need 
for an optical fiber communications system with a data 
equalizer capable of adapting to changing conditions 
and changing optical paths. "~ • . 

Summary of the invention - '■'■ - :. • ' ; 

[0004] In accordance with the invention, an optical fib- 
er communications system is provided with an adaptive 
data equalizer to correct for linear distortion^ of -signals 
transmitted over optical fibers. In particular.-a feedback 
signal from a receiver is used to custom tailor the spec- 
tral profile of a launched pulse and thereby to minimize 
the distortion of the received pulse. Because the system 
uses feedback control, it will adapt for changing condi- 
tions in the fiber path. Conveniently, the adaptation proc- 
ess is incurred during the training'(sounding) session of 
a data frame when a train of pulses are sent through'the 
network and looped back. After the training is complet- 
ed, trie loop-back path is disconnected, and data trans- 
mission begins with the transmitted pulses pre-distorted 
to adapt to the connected network. • " - 

Brief Description of the Drawings " 

[0005] The' advantages, nature and various additional 



~dr distortion.' 

-—jOe OO] Typically ; U io transmitter c o mpr is es a modu l a - 

-tor 107 : and source" 5 108 of 'short optical pulses such as 
30 a mode-locked br-gain-switched laser. In addition the 
^ - transmitter includes an arrangement 109 for permitting 
separate phase control of a plurality of spectral compo- 
nents of the pulses from source 108. In the arrangement ~ 
illustrated, the pulses are separated into a plurality of 
3S spectral components by a first wavelength division mul- 
tiplexer (WDM) 110. The spectral components X, pre- 
sented on respective arms of the WDM are passed 
through separate respective phase controllers 111, and 
then recombined in a second WDM 112 before entering 
<o the modulator 107. The phase controllers 111 can be 
individually controlled by the adaptive equalizer 101 to 
reduce linear distortion. 

[0010] The adaptive equalizer can comprise a digital 
signal processor 113, with appropriate analog-to-digital 
and digital-to-analog converters 114, 115 respectively, 
for receiving and processing signals representative of 
the tapped reference and loop back pulses. In a typical 
arrangement, a combiner 116 receives and combines 
the reference signal and the loop back signal. A tunable 

so wavelength selective element 1 1 7 sequentially selects 
spectral components of the combined signal, and a pho- 
todetector 118 responds to the selected components. 
[0011] The following describes preferred operation of 
the system. At the outset of operation, knowledge of the 

ss amplitude and phase relationship between the various 
spectral components of the reference pulse is useful. 
Hence, the pulse source 107 is first characterized; prior 
to system operation, to determine the spectral profile of 
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its pulses. Initially, the .phase controllers 11 1 will bead- 
justed to apply a known, equal phase delay to each 
spectral component. The modulator 108, used tor en- . 
coding binary data, may be driven so as to not introduce 
any additional chirp on the optical pulses. Hence, the t 
spectral profile of.the original relerence pulses at start. ... 
up will be a replica of the pulses at the source output, 
adjusted by a constant phase delay. 
[001 2] The reference pulses, tapped off at the input ; ; . 
to the system, are be compared with the looped back i 
pulses to characterize the dispersion of the link. After . 
the optical combiner is a wavelength selective, element 
117, such as a scanning Fabry-Perot interferometer or 
a grating, which will select one spectra! component at a -.. 
. time from the combined pulse streams to homodyne on. , 
the photodetector 1-18. The two pulse streams are syn- 
chronized in time and their, relative polarization, states - 
are equalized. The output signal from the photodetector , 
. is digitized using analog-to-digital converter 1 1 4 and an- 
alyzed using digital- signal processor.11 3.. From tradi- 
tional homodyne theory, the phase difference between 
the selected spectral component of the reference and, 
looped-back pulse may be determined. This measured 
phase difference will be twice the phase difference be-,-n 
tween this spectral component of the reference -pulse, 
and the pulse at the recerver -This factor, of. 2 arises be- , 
cause the lobped-back pulse traverses the link twice, R 
• iterootod in the pha s o which , 



. each spectral component, by summing the phase of the 
reference at the input and the phase accumulated in tra- 
versing the link from input to receiver. The phase accu- 
mulated by each spectral component of the pulse in tra- 
versing the link is fixed. Hence, the phases of the spec- 
tral components at the input must be altered such that 

Vthe phaaesiof ali spectraljcom'ponents match at the re- 

' ceiver. After propagation, the "initial phases of the pulse 
spectral components at the-receiver are compared, and 
u 'theilargest phase value is stored. For the spectral com 7 
ponent which initially has the maximum phase value ar 
. the receiver,, no phase adjustment will be made. For 

' each of the remaining spectral. components, error . sig- . 

- nalsare generated by the DSP to satisfy the summation 
> condition, and f ed, via arrespectiye plurality of digital-to- 

- analog converters 115, to the phase controllers 111. In 
".' this manner, the spectral components of the transmitted 

pulses are individually feedback controlled.. This pre- 
,.. distortion compensation is generally not realized on the 
o .. timescale of a single pulse but rather uses many pulses. 

:i Hence, ; it is not necessary. for the ADC or DACs to op- 
T Wate at the. high data rate. . ; 

.[0015] It is to be understood that the above-described 
^■.embodiments. are illustrative of only,a few of. the. many 
?5 .l possible specific ; ernbodiments which can represent ap- 
. ~, plications, pf,th,e 'principles of theJnvention. ...J//.-, s „ 



spectratcomponeht accumulates in-traversjng : the link< o i 
once from input to receiver. The relative phase differ-, 
ence for each spectral component is measured in a se- - 
quentiai '-fashion by tuning the wavelength selective el- - 
ement. In this manner, the dispersion of the transmis- 
sion path is determined. If the link contains only fiber .(,e. - 
g no filters or other dispersive elements),, then it may ; . 3 
only be necessary to measure the firsWew spectral com- < 
ponents.tb extract the link dispersion. The phase differ-; 
ences for the remaining spectral components can^then 
be calculated. All of the relative phase information is an-., - 
alyzed and stored using digital signal processing tech- < 
nology. Once the spectral profiles of the initial reference 
pulses and receiver pulses are known, the necessary^ ., 
phase adjustments may be determined to optimally pre- . 
distort the pulses at the input to the system. 
[001 4] Dispersion is detrimental : when it causes puis- ■ 
es to broaden in time, as the result of different spectral, 
components traveling at different speeds. When the 
temporal pulse duration is increased and pulses begin 
to overlap in time, this intersyrnbol interference acts to 
degrade system performance ,{e.g. ■ received BER). .. 
Hence, it is desirable to have a minimum temporal pulse . 
duration at the receiver, a.condrtion which results.when, 
the pulse is not chirped.;By £ rnaking all of the spectral 
components of the pulse at the receiver have.the same t 
phase, it is possible to satisfy, this unchirped condition. 
This task may be achieved by, applying the following al- . . 
gorithm: First, the phase of each spectral component of.- 
the pulse at the receiver is determined. This is done.for 



1: An optical .fiber, communications systerrrcompris-. , 
..• ing: -. , • .... -. ' ; ••• ■ ' ; .--' : :"' : 

an optical transmitter for transmitting adapt'rve- 
|yi:equalized optical P ulses - said transmitter 
comprising a source of optical pulses, a plural- 
ity of phase controllers for separately control- 
ling the phases of a plurality, of spectral compo- . 
nents of said pulses, and amotiulator for said" 
pulses; -,. ; : . 

an optical transmission fiber for transmitting op- 
.tical.pulses^rom said transmitter; .. ; 

. '^op^V(eqQ\^r^pTj^^!^pppai pulses 
. Irom said fiber; -.m^v r^::- . .r " 

'.' .' , ; an ppticaLtap IPS ik&W--&\ optical reference 
- signal. indicative of, said pulses near r said trans- 
o b mitter; ; . ^ . s, . - • • '• 

an optica£,tap for tapping an optical lopp.back 
signal indlcatiYCpf sa'^ pulses near.said receiv- 
er; and >-o-,i ■-.<■ ;,: 5 :.c.-"oo -i - - , .•.r.,-.: 

;5 

- . an adaptive equalizer/esponsive to said optical 

reference signal and said optical loop back sig- 
nal for controlling said phase controllers to re- 
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due© linear distortion in the received pulses. 

2. A communications system according to claim 1 
wherein said transmitter includes afirst wavelength 
division multiplexer for receiving pulses from said s 
source and presenting a plurality of spectral com- 
ponents of said pulses on a plurality of paths, said 
phase controllers disposed on respective paths, 
and a second wavelength division multiplexerfor re- . 
combining said spectral components for presents- 10 ■ 
tion to said modulator. 

3. A communications system according to claim 1 
wherein said adaptive equalizer comprises a digital - * 
signal processor for processing signals represent- is , : ,.' ., 
ative of said reference signal and said loop back sig- , " . ' 
nal'to generate control signals for said phase con- 
trollers. 

4. A communications system according to claim 2 20 
wherein said adaptive equalizer comprises an opti- 
cal combiner for combining said reference signal 
and said loop-back signal. 

5. A communications system according to claim 4 fur- 2S 
ther comprising a wavelength selective element "for 
receiving the output of said combiner and permitting 
selection or spect r al cu i npui i n i its of sa i d sig n al. ' — — 

6. A commun ications system according to claim 5 fur- 30 
ther comprising a photodiobe for receiving, the out- . 
put of said wavelength selective element and pre- 
senting a signal representative of a selective spec- 
tral component to said digital signal processor. 
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